INTRODUCTION
Fermentation is one of the oldest methods used by human beings to extend the shelf life of food. Today, yogurt is one of the most consumed fermented dairy products in the world. Yogurt passes through many stages which has high energy intensity until it is presented to the consumer. Since the human population is increasing rapidly [1] and overpopulation needs food more than ever in order to survive, food production also become an important industry. But, energy efficient food production is not yet really achieved and dairy products are not an exception. For this reason, the production with the efficient use of energy has been the subject of many academic fields, especially in industry especially in recent years [2, 3, 4] . Yoghurt producing facilities that are running in Turkey are usually using conventional methods that are consuming much more energy than the process would consume. Using fossil fuels for heating process also emitting CO2 and wasting heat. Since used coals are not atomized, efficient combustion also is not possible. It is reported that, during flavored yoghurt production exergy loss can rise up to 26% [2] .
Figure 1. Human Population Increasement
Conventional incubation and post-cooling systems have problems such as non-sensitive temperature control and high energy consumption. The proposed solution to these problems is the use of heat pump technology because the heating and cooling processes in the yoghurt production process are carried out in series. The heat pump system can be used for preheating in high temperature applications and also can work efficiently at medium to low temperatures (below the first freezing point of the material). Heat pumps are high-performance systems for converting electrical energy into heat energy, achieving optimum efficiency, especially when the difference between source and supply temperatures decreases. Heating and cooling can be provided with a single device. Yoghurt production is a set of processes with high energy consumption and water density. The required energy is mainly used for pasteurization, cooling and homogenization. The water is consumed for heating, cooling and mix preparation processes during yoghurt production [5] . Considering that the cooling process takes longer than heating, more capacity is required for cooling, 8,000 L/h for cooling the yogurt, 40,000 L/h of chilled water is required [6] . The United Nations Environment Program (UNEP) estimated that the needed amount of electricity for production of the milk was 0.2 MJ per kg of milk, based on this Dewick et al. (2007) , estimated that 1.2 MJ per kg yogurt is required [7] . As it can be seen, there is an intensive use of energy in yoghurt production. In this sense, energy efficient incubation systems are one of the important research topics. Also, rapid heating-cooling will damage the product in the incubation and cooling room. For this reason, the temperature will be increased and decreased sensitively with the heat pump system [7] . Studies using heat pump for heating and/or cooling process is presented Table 1 . Yoghurt producing is accomplished in 11 stages, which starting from milking stage and ends at cooling stage. But this paper interests only last two stages which are incubation and cooling stages. But the standardization process also has great influence on the final product because of the fat content of the milk in fluences properties of the yogurt; increase in the consistency and viscosity of yoghurt increases as the fat increases [17] [18] . Incubation is the a phase where starter kit bacterias get injected to the pasteurized milk. After the injection, this incubated milk will be kept under steady conditions for 3 to 5 hours depends on the bacteria type. These parameters are given as follows: air quality of incubation room, steady incubation temperature, homogenous heat distribution. Göçer et al. [20] tried different incubation temperatures and finished the process at different pH values for one selected probiotic bacteria. They observed that best physicochemical properties obtained at 45 o C incubation temperature. Lee and Lucey [21] also studied on incubation temperature and found that incubation temperature should be 45 °C for a selected bacteria. Wardani et al. [22] observed that best incubation temperature for L. Plantarum Dad 13 is 37 °C in terms of acidity and curd formation. Aswal et al. [23] researched the rheological, physicochemical properties of yoghurt with the change of substances.
Cooling of yoghurt is the last stage of the production. Yoghurt should not be cooled instantly but cooling has to take almost 24 hours. Instantly cooled yoghurts will have cracked structure, which is not acceptable. Cooling temperature has to be 2-4 °C [6] depending on these parameters in order to achieve quality products. Quality design of the incubation room and the cooling room is essential for achieving this task. Ice thermal storage is an energy efficient method for the cooling process. Ice thermal storage units storing the latent heat and offering intensive storage capacity. In this study, the extracted heat from the ice storage tank was used to heat the incubation (fermentation) room. Since extracting heat from the ice storage tank decreases the temperature inside the tank, it makes ice storage is possible. Since ice storage can be done, it is also possible to cool the cooling room with the stored ice. This paper claims that this new approach would reduce energy consumption and this approach would be beneficial for both yoghurt producing facilities and nature due to reduced energy consumption and efficient use of energy.
METHODOLOGY
In conventional yoghurt producing facilities, required heating and cooling process are applied independently.
In order to reduce energy consumption, cooling and incubation rooms are connected via the combined system. This system extracts heat from ice storage tank and heats the incubation room with the condenser. Since this system works with Reverse Carnot Cycle, a logP-h diagram of the system can be seen at Figure 2 . Designed incubation room to have laminar flow conditions inside, Reynolds number can be calculated as following equation:
To calculate convection heat transfer coefficient, Nusselt number can be expressed as below:
Total heat losses of incubation roomcan be determined with the following equation: ̇= ∆ (3) And the coefficient of performance of heat pump can be obtained from: Where:
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̇=̇ ∆ℎ (5) ̇=̇ ∆ℎ (6) Ice storage is a phase change problem. Therefore this problem can be modeled as Eq.7 and solved as following: Since this cooler is a solution, there are 3 stages depending on the liquid fraction (ø). The first stage is where both the base fluid and the coolant is liquid, the second stage is where the base fluid is liquid but the coolant is solidifying and the third stage is where the coolant is solid. These phases are depending on the melting temperature of the coolant and the working temperature of the base fluid. Ice storage offers intensive cooling capacity and it is usable for this application. The coolant is an aqueous solution, therefore, it is possible to circulate it inside the cooling room using a heat exchanger with a pump.
INCUBATION ROOM DESIGN
Designing of the incubation process is a specific task. In presented design, there are two separate rooms as inbucation and cooling room. After end of inbucation process, the products taken to the cooling room. Schematical view of the incubation rooms is given in Figure 3 . Ventilation inlet units are placed at the bottom of the left and right side of the room and the pressure outlet unit is placed at the top middle of the room in order to have homogenous flow and heat distribution inside the room. Air inlet units have high-efficiency particulate absorber (HEPA) filters to prevent contaminant particles inside the incubation system. Ice thermal storage unit is located near the incubation room. This unit is filled with base fluid and ice balls. Ice balls are basicly plastic balls which has phase changing liquid inside. When the evaporators are extracting heat from the base liquid, the fluid inside the ice balls is solidifying and storing latent heat. Since base fluid has the lower phase change temperature, only the fluid inside the balls are solidifying and for that reason, a working liquid with a phase change material advantage can be obtained. Standard phase change material (PCM) applications do not offer working fluid coolant but this approach has this great benefit [24] [25] .
Cooling room is also located very near to the incubation room due to prevent structural problems during transporting the yoghurt carrying carts. This room is also insulated to prevent heat transfer from the room. Inside the room, cold water is circulated via a pump using a heat exchanger to cool the system air for cooling of incubated yoghurt. Consequently, a combined energy efficient system was designed and presented in Fig. 3 . R410a and as an option R134a were chosen as the refrigerants in the heat pump unit since they provide suitable operating temperatures (2-45 °C) for the production of yoğurt. However, both refrigerants are frequently used in industrial heat pump application, both offers the lowest ASHRAE toxicity classification "A1" with essentially zero ozone depletion potential (OPD) and very low global warming potential (GWP). 
RESULTS AND DISCUSSION
In this study, a combined system which includes both heating and cooling in yoghurt production has been designed. The performance coefficients of the heat pump shown in Figure 2 were analyzed according to the first law and Carnot and are shown in Table 3 .
As can be seen from Table 3 , COP values are calculated in case of heating, cooling and dual operation. Since both heating and cooling can be done for two groups of products at the same time, it would be more appropriate to evaluate the COP value of this system as dual. s a result of the product process, incubation takes place first, while heating is carried out at the same time, the heat extracts from the ice storage tank. With the presented design, both heating and cooling processes can be carried out simultaneously and/or independently from each other, so that energy is stored at a rate of 64/100 for R410a and a rate of 68/100 for R134a (COPcooling/COPheating) compared to the heat given independently of the incubation time.
Based on the 1 kWh heating load, the electrical energy requirement for R410a and R134a will be 0.353 and 0.316 kWh, respectively and this corresponds to 0.144 and 0.129 TRY in Turkey (kWh price of electricity is accepted as 0.41 TRY). In addition, energy costs are calculated as 0,193 and 0,367 TRY, respectively, when natural gas and fuel oil are used in a 90% efficient boiler for this heating load (the lower heating value of natural gas and fuel-oil are taken as 8250 kcal/m 3 and 9200 kcal/kg and unit fuel prices are accepted as 1.67 and 3.93 TRY, respectively). Considering the cost of fuel, the heat pump seems to be more profitable, and in addition to the operating and maintenance costs, the heat pump becomes even more advantageous. Since heating required for the incubation process can be extracted from the ice storage tank, it is also possible to use the stored energy (phase change material) during heating for the cooling load. Thus, a cost-free cooling process is provided and this provides the user with a profit in every aspect.
In this system, which is particularly recommended for industrial plants, energy can be stored on ice when energy demand and electricity pricing is low (especially at night in Turkey 10:00 pm -06:00 am). The cooling process in food facilities has a more important place in terms of health and product quality. Heat extracts from the ice storage tank and the ice is produced and heat is supplied from the condenser. Since the cooling process is more energy-intensive than heating, waste heat can be utilized in both single and dual operation modes. The waste heat can be used as a hot source/water in accordance with business needs or, it can be used for clening in place (CIP) process which is one of the most important subjects of food factories, so that the hot water can be brought to a lower energy consumption and the desired CIP temperature in a faster time.
In industrial applications, the heating and cooling applications usually performed in two different places with two different thermal systems. With presented design, these heating and cooling applications can be performed in two place again but this time with only thermal system. The study on the design of the incubation room was intended to assist others to work on this issue, and some recommendations were made as to the direction in which the study could proceed.
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